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Abstract—Since over the years Electrocardiogram (ECG) signal has been used to assess the cardiovascular condition of
humans. In practice, the real time acquisition and transmission of the ECG may contain noise signals. In general, the
signal processing algorithms employed for denoising provide optimal performance and eliminate the high frequency noise
between any two beats contained in a continuous ECG signal. Despite their optimal performance, the signal processing
algorithms significantly attenuate the peaks of characteristics wave of the ECG signal. This paper presents a selection of
optimal wavelet which maximize cross correlation coefficient. Cross correlation with different wavelet filters has been
computed on MATLAB TOOL.
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I. INTRODUCTION
According to medical definitions, electrocardiogram,
ECG measures micro voltages in the heart muscle
over a specific time period. It is composed of several
parameters: P, Q, R, S and T waves [1].ECG is most
commonly used method for identifying abnormal
heart activity.
In normal ECG wave p, q, r, s and t waves are in
normal shape despite of noise present in it. And the
wave repeats itself after some regular  time. While
abnormal ECG signal are abnormal and disrupted in
shape[2]. The wave repeats itself with irregular time
interval. And is not quiet matching with normal ECG
waveform.
Figure1. Normal ECG Waveform.
Figure2: Noisy ECG Signal
II. NOISES IN ECG
Deferent kinds of noises can affect ECG signal
during its acquisition and transmission [3]. These
noises can corrupt the ECG signal and analysis of
ECG Becomes very difficult. The probable types of
noises that affect ECG are given below-
2.1 Power Line Interference
Power line interference occurs through two
mechanisms: capacitive and inductive coupling.
Capacitive coupling refers to the transfer of energy
between two circuits by means of a coupling
capacitance present between the two circuits. The
value of the coupling capacitance decreases with
increasing separation of the circuits. Inductive
coupling on the other hand is caused by mutual
inductance between two conductors. When current
flows through wires it produces a magnetic flux,
which can induce a current in adjacent circuits. The
Power line interference has frequency of 60 Hz or 50
Hz depending on the power supply[4].
2.2 Electrode Contact Noise
Electrode contact noise is caused by variations in the
position of the heart with respect to the electrodes
and changes in the propagation medium between the
heart and the electrodes[5]. This causes sudden
changes in the amplitude of the ECG signal, as well
as low frequency baseline shifts.
2.3 Instrumentation Noise
The electrical equipments used in ECG
measurements also contribute noise. The major
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sources of this form of noise are the electrode probes,
cables, signal processor or amplifier.
2.4 Electromyographic Noise
Electromyographic noise is caused by the contraction
of other muscles besides the heart. When other
muscles in the vicinity of the electrodes contract, they
generate depolarization and repolarization waves that
can also be picked up by the ECG. The extent of the
crosstalk depends on the amount of muscular
contraction (subject movement), and the quality of
the probes[6].
III. Wavelet Transform
The Fourier transform is useful tool to analyze the
frequency components of the signal. However, if we
take the Fourier transform over the whole time axis,
we cannot tell at what instant a particular frequency
rises. Short-time Fourier transform (STFT) uses a
sliding window to find spectrogram[7], which gives
the information of both time and frequency. But still
another problem exists that is the length of window
limits the resolution in frequency domain. Wavelet
transform seems to be a solution to the problem
above. Wavelet transforms (WT) are based on small
wavelets with limited duration[8]. In WT both the
time and frequency resolutions vary in time-
frequency plane in order to obtain a multiresolution
analysis.
3.1 Wavelet Basis Function.
Wavelet basis functions have many families which
include Haar, Daubechies, Symlet, Coiflet,
BiorSplines, ReverseBior, Meyer, Gaussian, Mexican
hat, Morlet, Shannon and Frequency B-Spline etc.
shown in Figure3 and Figure4.
Figure3.WaveletBasis Function(HAAR,db1,db5,db5)
Figure.4 Representative wavelet basis function
(Coif3 wavelet, Meyer wavelet, sym2 wavelet and sym3
wavelet).
3.2 Filter bank and regularity.
The low pass filter H(z) is also called refinement
filter must be factor sable as H(z) = 2−γ (1+z −1)γ
Q(z) which is an expression that involves some
number of regularity factors (1 + z −1) as well as a
stable residual term Q(z) satisfying the low pass
constraint Q(1) = 1. The presence of regularity term
is essential for theoretical reasons[9]. It is responsible
for a number of key wavelet properties such as an
order of approximation, vanishing moments,
reproduction of polynomials, and smoothness of the
basis functions. The importance of these properties of
wavelet lies in its ability to provide explanation about
its suitability for approximating piecewise-smooth
signals and in characterizing singularities. It is
important to identify which mother wavelet is best
suited for the detection of given pattern. The different
mother wavelets (basis functions) vary according to
following criteria. The important of them are support
of ψ, and its speed of convergence to 0[10]. The
number of vanishing moments is useful for
compression purposes. Whereas, regularity is useful
for getting nice features, like smoothness of the
reconstructed signal or image, and for the estimated
function in nonlinear regression analysis.
IV. OPTIMAL WAVELET SELECTION
Selection  of a suitable basis mother wavelet filter is
necessary for the ECG signal processing in wavelet
domain. For the ECG signal under investigation, an
optimal wavelet will lead maximization of coefficient
values in wavelet domain. This will produce highest
local maxima of the ECG signal in wavelet domain.
4.1 Cross-correlation
Cross correlation is an excellent tool to match the
signals with each other. It is robust to noise, can be
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normalized for pattern matching. It’s a measure of
similarity of two waveforms as a function of a time.
The cross-correlation of any two quantities is similar
to the convolution of two functions [11]. Therefore
we use cross correlation as a pattern recognition
technique, in which any unknown input ECG signal
was cross-correlated with all the predefined ECG
signals. After cross correlating unknown input ECG
signal, coefficients are generated for each cross-
correlation. All the signals are normalized between
range of 0 and 1. The co-efficient value for each
cross correlation would possess highest value of 1
and minimum value of 0. So after passing through
cross correlation, the coefficients’ values amongst all
cross correlated coefficients are taken in account. The
value which is nearest to “1” or is highest, it is
considered to be its specified class upon the value
occurring in certain threshold range as defined for
each signal.
Thus following steps will lead determination of
optimal wavelet applied to the ECG signal:
1. Select the basis wavelet filter, low pass,
decomposition [12] from wavelet filter bank
library.
2. Compute the cross correlation coefficient [13]
between ECG signal and selected wavelet filter.
3. Select the optimum wavelet filter which
maximizes the cross correlation coefficient.
Figure5. Matlab generated cross correlate
coefficient
Figure5 plots Matlab generated cross correlation
coefficient [12] of the single bit ECG signal with
various wavelet filters (available in Matlab library).
Results strengthens the suitability of Daubechies
wavelet filter of order 8 is an optimal one for the
ECG signal processing.
V. CONCLUSIONS
In this paper selection of an optimal wavelet basis
function applied to compute cross correlation of an
ECG signal with wavelet filters. The experimental
results have revealed suitability of Daubechies
mother wavelet of order 8 to be the most appropriate
wavelet basis function. We expect that the analysis
carried out in this paper can be useful for paramedics
to accurately diagnose cardiovascular ailments in
patients.
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